The importance of measuring the quality of cancer care has been well recognized in many developed countries, but has never been successfully implemented on a national level in Japan. We sought to establish a wide-scale quality monitoring and evaluation program for cancer by measuring 13 process-of-care quality indicators (QI) using a registry-linked claims database. We measured two QI on pretreatment testing, nine on adherence to clinical guidelines on therapeutic treatments, and two on supportive care, for breast, prostate, colorectal, stomach, lung, liver and cervical cancer patients who were diagnosed in 2011 from 178 hospitals. We further assessed the reasons for non-adherence for patients who did not receive the indicated care in 26 hospitals. QI for pretreatment testing were high in most hospitals (above 80%), but scores on adjuvant radiation and chemoradiation therapies were low (20-37%), except for breast cancer (74%). QI for adjuvant chemotherapy and supportive care were more widely distributed across hospitals (45-68%). Further analysis in 26 hospitals showed that most of the patients who did not receive adjuvant chemotherapy had clinically valid reasons for not receiving the specified care (above 70%), but the majority of the patients did not have sufficient reasons for not receiving adjuvant radiotherapy (52-69%) and supportive care (above 80%). We present here the first wide-scale quality measurement initiative of cancer patients in Japan. Patients without clinically valid reasons for non-adherence should be examined further in future to improve care.
M easuring the quality of cancer care has become widely accepted as an integral part of cancer care in many developed countries with descriptive investigations showing that not all patients are receiving optimal care and maximum survival benefit from the most up-to-date cancer treatments. (1) Establishing a system of quality surveillance that can detect the gaps and disparities in the delivery of care can not only help health-care providers to improve the services they provide, but also allow policy-makers to target areas for improvement in its cancer control plans.
Establishing such a system is often restricted by the health system's capacity to gather information from multiple sources for accurate and comprehensive measurement, as was the challenge in Japan. Increased awareness for the need to establish a systematic monitoring and evaluation program prompted the Ministry of Health, Labour and Welfare to fund a working group of nationally-renowned experts to develop indicators of cancer care quality in 2007, (2, 3) and to use them in a series of pilot programs (4) (5) (6) (7) to test the feasibility of conducting quality measurements in a number of cancer treating hospitals. However, the pilot programs faced great challenges. Thoroughness and clarity of clinical documentation varied greatly with physicians, which resulted in high inter-rater variability despite the labor-intensive work of conducting medical chart reviews. This led investigators to conclude that without appropriate investments in human resources to conduct chart reviews and improve clinical documentation by physicians, the method was unsuitable for wide-scale implementation.
Building on the experiences of these pilot studies, we launched a quality-of-care monitoring program using administrative claims data and the cancer registry as data sources for large-scale measurement without investing in new data system infrastructure. We also assessed the limitations of using administrative data for systematic quality measurement, by reviewing the reasons for non-adherence within the medical charts of patients who did not receive standard care as specified in the quality indicators. In this report, we present the results of the first large-scale cancer care quality measurement initiative in Japan.
Methods
Participating hospitals. We invited all 397 Designated Cancer Care Hospitals (DCCH) to participate in the quality measurement program. DCCH are large cancer-treating hospitals that are accredited by the Ministry of Health, Labour, and Welfare to serve as major providers of cancer care to patients in Japan. (8, 9) The invitation was also left open to non-designated cancer care hospitals that had submitted cancer registry data to the National Cancer Center (NCC) in 2011. A total of 178 hospitals, including 6 non-designated hospitals, from 44 prefectures participated in the program. This study was approved by the NCC's institutional review board.
Data collection. We used Hospital-based Cancer Registry (HBCR) data to identify colorectal, lung, stomach, liver, breast, prostate and cervical cancer patients who were diagnosed with cancer in 2011 from the participating hospitals. HBCR (10) is a compulsory cancer incidence reporting system for all DCCH (optional for non-designated hospitals), and follows the same national coding rules to record tumor morphology and topography codes, stage and other variables, such as the dates, methods and routes of cancer diagnosis, and information on first-course treatments (i.e. presence ⁄ absence of curative surgery, endoscopic treatment, chemotherapy, radiotherapy and other treatments). We excluded non-carcinoma (i.e. sarcoma and lymphoma) patients and patients who did not receive their first cancer treatment at the participating hospitals from our analysis.
Once we created a list of patients who were eligible for quality assessment, we distributed the list of patients' HBCR IDs to the participating hospitals for collection of health claims data. The health claims data have a standardized data format nationwide that allows researchers, insurers and administrators to use the database to analyze hospital activity, patterns of care and adequacy of hospital reimbursements. It contains information on dates, costs, quantities and doses of both hospital and out-of-hospital prescriptions, procedures, and materials from both inpatient and outpatient settings of all patients of all insurance types. (11) We developed a software that allowed hospitals to abstract the health claims data of only the cancer patients who were listed on the HBCR ID list, while replacing all personal identifiers with HBCR IDs and encrypting the data for secure data submission. We collected health claims data from September 2010 to December 2012, and linked them to the HBCR data for analysis.
To assess the generalizability of the hospitals and patients that participated in the study, we calculated the differences in hospital and patient characteristics of those who were included in the study compared to those who were not included in the study using a two-sample Student's t-test and Pearson's v 2 -test.
Quality indicators. Among the 206 QIs initially developed by the expert panel in 2007 (revised in 2010), which encompassed various aspects of care quality such as the adequacy of psychosocial support, patient-centeredness and care coordination, (12) we selected process-of-care QIs that measured the delivery of standard cancer care as indicated in clinical guidelines. In contrast to outcome measures, these QIs did not require risk adjustments to be made when comparing their results, (13) and were measurable from administrative data. We chose eight QIs for five cancers (stomach, colorectal, lung, breast and liver cancer), two QIs on supportive care, and added three more QIs on cervical and prostate cancers that we developed with specialists using clinical guidelines. In total, we selected 13 QIs for seven cancers for measurement ( Statistical analyses. For each of the 13 QIs, we calculated the percentage and confidence intervals (CIs) of patients who received the indicated care among those who met the specified characteristics of the QI for each hospital. The original wording of the QI that were initially developed (12) were that if clinically valid rationale was given in medical charts for not having provided the indicated care, these patients are to be considered as having met the QI. As we could not assess this using claims data, we did not account for clinical reasons for not fulfilling the indicated care in the analyses.
For indicators on adjuvant treatments, we excluded from the analyses patients who had preoperative chemotherapy or radiotherapy. We also excluded all chemotherapy drugs administered on the day of surgery to exclude drugs used for intraoperative chemoperfusions. For all QIs, we created centipede plots depicting the distribution of QI scores from the lowest scoring hospital to the highest scoring hospital along with their 95% CIs. All analyses were conducted independently by two investigators to double-check for accuracy using Stata 13.1 (Stata Corporation, College station, TX, USA).
Reasons for non-adherence to quality indicators. We returned the list of HBCR IDs of patients who did not receive the specified care indicated in the QI, and asked the participating hospitals to voluntarily report back the reasons why patients did not receive the specified care. Twenty-six hospitals participated in the reporting. We examined the frequencies of the reasons for non-adherence among patients who did not fulfill the QIs.
Results
Among 136 245 colorectal, stomach, lung, breast, prostate, cervical and liver cancer patients who were registered in the HBCR in 2011 from 178 DCCHs, we were able to link health claims data for 94.2% (128 353) of the patients. The differences in the characteristics of hospitals and patients in the study compared to those who were not in the study are demonstrated in Table 1 . Hospitals in the study had similar hospital volume compared to hospitals that were not in the study (765 vs 719 respectively, P = 0.29), but the proportion of academic institutions was smaller among hospitals in the study (15.7 vs 26.7% respectively, P = 0.01). The mean age of patients among hospitals in the study was similar to those who were not in the study (67.4 vs 67.4 respectively, P = 0.23). The distribution of sex, cancer type and stages of patients were similar, although the difference was statistically significant due to large patient size.
The characteristics of 128 353 patients whose health claims data were linked to HBCR data and were included in the analysis, are shown in Table 2 . The mean age was 67.2 (standard deviation 13.3) and 56.0% were male. Cervical and breast cancer patients were younger than other cancer patients (46.2 and 59.1 years old vs 69-72 years old). Cancer stages were identified in 99% of the patients.
Quality indicator scores. Quality indicator scores for pretreatment testing were high across most hospitals ( Table 3 ). The centipede plots depicting performance of these four QIs (QI3, QI6, QI8 and QI10) showed that most hospitals scored high for these QIs (Fig. 1) .
There was greater variability across hospitals for patients receiving adjuvant chemotherapy and radiotherapies. Among 2258 patients with stage II or III (except pT1, pT3N0) stomach cancer who had curative surgery, 62.8% (60.8-64.8) received postoperative chemotherapy within 8 weeks of surgery. QI scores for adjuvant chemotherapy were low for colorectal and lung cancer patients: only 44.8% of 5127 pStage III colorectal cancer patients who had curative surgery received adjuvant chemotherapy within 8 weeks of surgery, and 49.0% (46.6-51.4) of 1691 stage II-IIIA NSCLC patients who had resection surgeries received postoperative chemotherapy within 6 months of surgery. The centipede plots for the three QI scores on adjuvant chemotherapy (QI1, QI2 and QI4) showed large variations across hospitals (Fig. 2) .
Quality indicator scores on adjuvant radiotherapy were generally lower compared to adjuvant chemotherapy. Although 73.6% (72.7-74.6) of 8258 breast cancer patients who had breast-conserving surgery received adjuvant radiotherapy within 20 weeks of surgery, only 26.5% (23.7-29.4) of 966 stage pT3-4 (but not N0) or pN2-3 breast cancer patients who had resection received adjuvant radiotherapy within 20 weeks of surgery. QI scores were lower for prostate cancer, where only 19.6% (16.8-22.5) of 772 of pT3N0M0 prostate cancer patients who had resection surgeries received adjuvant radiation or hormone therapy within a year of surgery. For cervical cancer, 37.1% (30.3-44.2) of 197 cT1-2pN1-3pM0 patients received postoperative chemoradiation therapy within 6 months of surgery. The centipede plots in Figure 3 show that most hospitals received low scores for QI7, QI9 and QI11, but scores were higher for radiation after breast-conserving surgery (QI5).
Similar to QIs for adjuvant chemotherapy, we observed variations in scores among hospitals for the two QI on supportive care. Among patients who received highly-emetic chemotherapy, 68.1% (68.7-70.5) of 10 104 cancer patients received appropriate antiemetics (NK1 antagonist, 5HT3 antagonist and corticosteroids) prior to receiving chemotherapy. Among 2610 patients who received narcotics in an outpatient setting for the first time, 64.9% (63.1-66.8) received laxatives prior to or at the same time as receiving narcotics. Scores for supportive care QI (QI12 and QI13) ranged widely across hospitals, ranging from 0 to 100% (Fig. 4) .
Reasons for non-adherence to quality indicators. The frequencies and reasons for non-adherence to the specified care are shown in Table 4 for the 2252 patients that were reported from 26 hospitals. For HER2 testing (QI6), reports from hospitals showed that the majority of these patients (90.7%) had actually received HER2 testing, but were erroneously disregarded from the claims data and counted as not having received the test. For QI8 (ICG testing), errors in data accounted for 45.5% of non-adherence, while another 45.5% For QIs on adjuvant chemotherapy (QI1, QI2 and QI4) and curative surgery or SBRT for NSCLC patients (QI3), reviews of medical charts showed that most of these patients had clinically valid reasons for not receiving the specified care, such as the presence of comorbidities, frailty from advanced age, poor physical status and cognitive decline, and approximately one-fifth of these patients did not receive the indicated care due to patient preference (17.5, 19.2, 25.4 and 24.4% for QI1, QI2, QI3 and QI4, respectively). There were also a large number of patients who had actually received adjuvant chemotherapy, but were not reflected in the QI scores because they received their treatment at other institutions upon referral (14.2, 8.5 and 13.3% for QI1, QI2 and QI4). Part of the out-of-hospital prescription data before October 2012 were not required to be entered into the claims database. This resulted in 19.2 and 13.8% of non-adherence for QI1 and QI2, respectively. Contrary to adjuvant chemotherapy, many patients did not have clinically valid reasons for non-adherence to QIs on adjuvant radiation and chemoradiation therapies (52.1, 69.9 and 68.5% for QI7, QI9 and QI11), except for breast cancer (QI5), where patient referrals to other hospitals for radiotherapy were observed in 38% of the 340 reported patients. For the two QIs on supportive care (QI12 and QI13), the majority of patients (81.5 and 88.4%, respectively) were identified as not having sufficient reasons for non-adherence, which included receiving other sub-optimal treatments (47%) or not making the benchmarked timeline for treatment initiation (14%).
Discussion
We measured 13 process-of-care QIs for patients who received initial treatment for cancer in 178 hospitals, and found that QI scores for pretreatment testing were high in most hospitals (above 80%), but scores on adjuvant radiation and chemoradiation therapies were low (20 to 37%), except for breast cancer (74%). We also observed substantial variability in QI scores for adjuvant chemotherapy and supportive care across hospitals, with mean scores ranging from 45 to 63%, but scores for each hospital ranging from 0 to 100%.
Further review of medical charts of patients who did not received the specified care in 26 hospitals showed that contraindications due to patient's poor physical status from comorbidities and frailty from ageing were major reasons for non- Fig. 1 . Distribution of quality indicator (QI) scores on pre-treatment testing (QI6 and QI8), surgery and medication (QI3 and QI10) by hospital. CAB, combined androgen blockade; HER2, human epidermal growth receptor 2; ICG, indocyanine green; NSCLC, non-small cell lung cancer; SBRT, stereotactic body radiotherapy. adherence for adjuvant chemotherapy and curative surgery ⁄ SBRT for early stage NSCLC patients. Patient preference was also one of the important reasons for non-adherence across many indicators. However, the majority of patients who did not receive the specified care for QIs on adjuvant radiotherapy and supportive care did not have valid reasons for non-adherence.
Comparing our results to previous studies, we found similar reasons for non-adherence in patients who did not fulfill the QI, but in different proportions. In a study by Ryoo et al. that evaluated the quality of cancer care among lung patients at Veterans Health Administration (VHA) hospitals in the USA, 65% of patients received curative resections for stage I ⁄ II NSCLC, while 6% did not receive surgery due to patient preference and 27% due to contraindications. (14) Our study showed a much higher proportion of patients receiving curative treatment (85%), as we also counted patients receiving SBRT, but analysis of 197 patients who did not receive curative treatment in 26 hospitals showed that patient preference (25%) and contraindications (48%) were also the major reasons for nonadherence. Similar results were found for resected stage II ⁄ III NSCLC patients: 47% received platinum-based chemotherapy in the VHA hospitals, while 49% received the same treatment in our study. The ratio between the proportion of patients not receiving chemotherapy due to patient preference and contraindications among non-adherent cases were also very similar: 54% in the VHA hospitals compared to 59% in our study. Reports for adjuvant chemotherapy among stage III colorectal cancer patients receiving first course cancer treatment in VHA hospitals by Landrum et al. (15) showed a higher proportion of patients refusing chemotherapy due to patient preference (58%) compared to our study (19%) . Further research of the factors related to non-adherence, incorporating both patient and hospital factors, may help us to understand the mechanisms and, hopefully, the solution to the deficits in care.
One of the major limitations of using administrative data for process measurement was the inability to capture care that is continued and provided at other hospitals. Chart reviews of non-adherent patients revealed a non-negligible proportion of patients who received treatments at other institutions. These patients constituted a major proportion of non-adherent patients for QIs on adjuvant chemotherapy for stomach, lung and colorectal cancer patients as well as adjuvant radiotherapy for breast cancer patients. This meant that hospitals that have an active care coordination program across hospitals, such that patients receive surgery at their own hospital but are referred to an affiliated hospital for adjuvant chemotherapy, would appear to have a low QI score even if their patients are receiving appropriate care.
Another limitation is that our study findings are not generalizable to all cancer patients in Japan. This initiative was voluntary, and invitations to participate were only sent to DCCHs, which cover roughly half of the care given to all cancer patients in Japan. (16) Findings in our study are only reflective, but not generalizable to all DCCHs, as the patients in the analyses were not randomly sampled from HBCR. DCCHs that did not participate in the study had similar mean hospital volume, patient age, sex, cancer type and stage distributions as those that participated in the initiative, and, therefore, may have similar QI scores. Unlike the SEERMedicare linked database in the USA, (17) our database contains information on all patients of all ages who were treated in the participating hospital regardless of their health insurance, and thus may be more representative of the total cancer patient population.
The use of administrative claims data for quality measurement is commonly criticized in the USA as its use is often limited to measuring process-of-care indicators. (18) However, in countries where the importance of monitoring and evaluating the quality of care is not yet widely recognized by policymakers and health professionals to the extent that adequate resources are allocated, the use of existing administrative data allows hospitals to more easily participate in the program and begin their first step towards making quality improvements. Our resources were severely limited as hospitals could not afford to allocate any financial resources to infrastructures for a new data system or to human resources to conduct chart reviews. By utilizing the claims database, which is standardized in Japan across hospitals for patients of all insurers, hospitals were able to participate in the program by simply resubmitting data that had already been prepared for other purposes in the past. The aforementioned limitations of the administrative data prohibited us from obtaining an accurate measurement of some of the QI that were specified to take into account patient preference, patient referrals and clinical reasons for not providing the indicated care, such as comorbidities. However, the purpose of launching this quality-of-care monitoring program is to assist hospitals to take their first step towards making quality improvements by providing them with data on care quality that can be compared across other institutions. Hospitals can use the results to review the care that they have given to patients in the past, and to apply the lessons learned to future patients so that their patients do not receive suboptimal treatments.
To help hospitals use the results of our analyses for quality improvement, we developed an interactive website where hospitals were able to compare their results to other hospitals anonymously, which also added to the value of participating in the program. These efforts led to the strength of this study, which was a nation-wide implementation of the program at a very low cost, without having to make the system compulsory.
Despite the limitations associated with our data source, we were able to obtain baseline estimates of the quality of cancer care in Japan. Participation in the quality measurement program allows providers to improve the quality of services they provide by understanding the reasons for non-adherence through review of medical charts, thereby improving the services provided in the future, and potentially enhancing the clinical outcomes of patients in the long term. Future studies should examine hospital or regional factors that may be associated with differences in performance of QI scores across hospitals, and how performance may be associated with survival outcomes for cancer patients in Japan.
